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Some organisms having multiple predators in intra-guild predation systems employ two
types of defense; generalized defense that is effective against more than two species of
predators and specialized defense that is effective against only one predator species.
Nevertheless, previous theoretical works on adaptive defense have studied systems
including either one type of defense, and rarely studied both types of defense. To
examine effects of two types of adaptive defense on persistence and stability of the
system, we used an intra-guild predation model including basal prey thatjointly used two
types of defense against intermediate predator or omnivore. As a result, combined use of
two types of defense did not affect persistence of each species but enhanced stability of
three-species coexistence. Combined use of defenses against intermediate predator
always increased equilibrium population size of basal prey. However, combined use of
defenses against omnivore often decreased size of the basal prey.
1.
(IGP ) (Arim and Marquet2004)
IGP (i) (ii)
(Holt and Polis1997)
(Vos et al. 2004; Kfivan and Dieh12005; Mougi and Nishimura 2009; Visser et al. 2012) 1
2
(Matsuda et al. 1993, 1996;Kimbrellet al. 2007)
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$0\leq e_{sN}+e_{sP}+e_{g}\leq 1$ $f_{gi},f_{si}$ $i$






$0\leq c_{si,\%}\leq 1$ $(i\in\{N,P\})$
$W$ (d $R$/dt)/$R$
$0\leq e_{sN}+e_{sP}+e_{g}\leq 1$ $W$ $e_{si}$
$(i\in\{N, P\})$ $e_{g}$
$\vdash$
$\frac{de_{sN}}{dt}=A_{sN}e_{sN}\{\frac{\partial W}{\partial e_{sN}}-(e_{sN}\frac{\^{a} W}{\partial e_{sN}}+e_{sP}\frac{\partial W}{\partial e_{sP}}+e_{g}\frac{\partial W}{\partial e_{\rho}})\}$ (4-$A$)
$\frac{de_{sP}}{dt}=A_{sP}e_{sP}\{\frac{\partial W}{\partial e_{sN}}-(e_{sN}\frac{\partial W}{\partial e_{sN}}+e_{sP}\frac{\partial W}{\partial e_{sP}}+e_{g}\frac{\partial W}{\partial e_{g}})\}$ (4-$B$)
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3(Matsuda et al. 1993;
Kimbrell et al. 2007; Nakazawa et al. $2010)_{0}$
$f_{gN} f_{gN}$
1: (a) $(a_{PN}=0.9)(b)$ (a$PN=$ o.5)
2
$(f_{sN})$ $(f_{gN})$
(fs$N=$ 0) $(_{gN}$ $=$ 0)
2
$A$ : 2 3
$B:3$ ( ) $C$ :




$f_{gP}=0.5,$ $c_{sN}=c_{g}=0.2,$ $a_{NR}=1,$ $a_{PR}=0.25,$ $b_{NR}=b_{PR}=b_{PN}=$
$0.5,$ $m_{N}=m_{P}=0.5,$ $r=1,$ $k=15,$ $A_{sN}=A_{g}=1$











$r_{sN}=0$ ( ) $+$ $f_{sN}=0.4$ $\cross$ $f_{sN}=0.8$ (b) $\circ$
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